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C BY-NC-Abstract Proton–ligand dissociation constant of 1-cyclopropyl-1,4-dihydro-4-oxo-7-(1-piperazi-
nyl) quinolone-3-carboxylic acid is ciproﬂoxacin and metal–ligand stability constants of its com-
plexes with some metal ions have been determined potentiometrically in the presence of (0.01,
0.02 and 0.03 mol/dm3) NaClO4. The order of the stability constants of the formed complexes
increases in the sequence Cu2+, Fe3+, Ni2+ and Zn2+ and decreases with increase in the concen-
tration of ionic strength.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Metal complexes are widely used in various ﬁelds such as bio-
logical processes, pharmaceuticals, analytical processes, sepa-
rations techniques, etc. Most of the d-block elements form
complexes. There are different kinds of ligands used forgmail.com (A.A. Zaid),
rao).
y. Production and hosting by
Saud University.
lsevier
ND license.complexation. In the present investigation we selected divalent
and trivalent metal ions belonging to 3d-series. The ligand
selected was ciproﬂoxacin. Fig. 1 is a member of quinolone
family. Chemically it is (1-cyclopropyl-1,4-dihydro-4-oxo-7-
(1-piperazinyl) quinolone-3-carboxylic acid.
It belongs to the class of ﬂuorinated-4-quinolones antibiot-
ics, which is used in the treatment of urinary and respiratory
infections. Literature survey reveals that less work (Mendoza
Diaz et al., 1996; Turel and Bukovec, 1996; Gameira et al.,
2007; Djurdjevic et al., 2000; Shahzadi and Ali, 2008) has been
done on the stability of complexes using ciproﬂoxacin or re-
lated derivatives with metals and almost no work is reported
in perchloric acid media. Therefore, we selected this drug for
potentiometric study. Although there are different methods
available to study the stability of metal–ligand complexes,
pH-metry is most commonly used. In continuation of our
study on solution equilibria, we used Calvin–Bjerrum method
for the calculation of stability constants (Magre et al., 2008;
Agrawal et al., 2009; Basher Ansari et al., 2010; Chaudhari
et al., 2009).
Figure 1 Ciproﬂoxacin.
44 A.A. Zaid et al.2. Experimental section
2.1. Materials and solution
1-Cyclopropyl-1,4-dihydro-4-oxo-7-(1-piperazinyl) quinolone-
3-carboxylic acid was procured from Dr. Zahed Zaheer assis-
tant professor (Y.B. Chavan college of pharmacy) and NaOH,
NaClO4, HClO4 and metal salts were of Analar grade. The
solutions used in the potentiometric titrations were prepared
in double distilled water. The NaOH (0.2 M) solution was
standardized against oxalic acid solution (0.1 M) and the stan-
dard alkali solution was again used for standardization of
HClO4. The metal salt solutions were also standardized using
EDTA titrations (Vogel, 1978). The ligand ciproﬂoxacin is sol-
uble in double distilled water. The pH meter was calibrated be-
fore each titration with standard buffer solutions of 4.00, 7.00,
and 9.2. The pH-meter (ELICO, L1-120) was used with a com-
bined glass electrode assembly.
2.2. Potentiometric procedure
For evaluating the protonation constant of the ligand and the
formation constants of the complexes in double distilled water
with different metal ions, we prepared the following sets of
solutions:
(A) HClO4 + NaClO4.
(A + L) HClO4 + NaClO4 + CiproﬂoxacinÆHCl.
(A + L+M) HClO4 + NaClO4 + Ciproﬂoxa-
cinÆHCl + metal ions.
The above-mentioned sets prepared by keeping m:L ratio, the
concentration of perchloric acid (0.3146 M) and sodium per-
chlorate (0.5 M) were kept constant for all sets. The volume
of every mixture was made up to 50 ml with double distilled
water, and the reaction solutions were potentiometrically
titrated against the standard alkali at room temperature. The
titrations were stopped when the pH reading became unstableTable 1 Stability constant using half integral method.
ﬃﬃ
I
p
Cu2+ Ni2+
Log k1 Log k2 Log b Log k1 Log k2 Log b
0.10000 9.7626 8.4863 18.2489 10.3008 7.28956 17.590
0.14142 10.329 7.00635 17.3353 9.77990 5.87837 15.658
0.17320 10.538 5.52584 16.0638 10.5897 4.28645 14.876because of the hydrolysis of the metal ions. No calculation was
performed beyond the precipitation point.
2.3. Calculation
The average number of protons associated with the ligand, na
at different pH values is calculated utilizing the acid and ligand
titration curves using Irving and Rossotti as follows:
na ¼ c ðVL  VaÞðN
0 þ E0Þ
ðV0 þ VaÞTL ð1Þ
where Va and VL are the volumes of alkali required to reach
the same pH in acid and ligand titration curves. TL The total
ligand concentration c is the total number of protons free at-
tached to the ligand molecule, N0 is the normality of the alkali,
E0 is the initial concentration of the free acid and V0 is the total
volume of the titrated solution. The protonation constant is re-
lated to the na by the equation:
k1 ¼ nað1 naÞ½Hþ ð2Þ
For monobasic acid
k1 ¼ pHþ log na
1 na ð3Þ
For dibasic acid
k2 ¼ pHþ log na  1
2 na ð4Þ
k2 ¼ pHþ log na  1
2 na½Hþ ð5Þ
The proton–ligand formation constants k1 and k2 were also
calculated from the formation curves obtained by plotting na
versus pH where the pH values at na ¼ 0:5 and 1.5 gives log -
k1and log k2, respectively. The average number of metal ions
associated with the ligand n at different pH values is calculated
from the metal ions and ligand titration curves (Fig. 3) using
Iriving and Rossotti equation as follows:
n ¼ ðVm  VlÞðN
0 þ E0Þ
ðV0 þ VlÞn0aTm
ð6Þ
And
pL ¼ log10
Pn¼i
n¼0b
H
n
1
anti log pH
 
Tl  nTm 
V0 þ Vm
V0
2
4
3
5 ð7Þ
where Tm denotes the total concentration of metal present in
solution, bHn is the overall proton ligand stability constant,
the other terms have their usual meaning as mentioned before.
The successive stability constants are computed using theZn2+ Fe3+
Log k1 Log k2 Log b Log k1 Log k2 Log b
3 10.3043 7.08668 17.39098 10.2878 7.61068 17.89848
2 10.4703 5.42758 15.89788 10.478 6.09125 16.56925
1 9.74624 5.54689 15.29313 9.76264 6.15367 15.91631
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Figure 2 Effect of ionic strength on stability constant.
Figure 3 Variation of pH with volume of NaOH.
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curves. The values of log k1 and log k2 were obtained by inter-
polation at 0.5, 1.5, respectively, alternatively, the least square
method was used for calculation of log k1, log k2by plotting
log n
1n versus PL or log
n1
2n versus PL, respectively.
3. Results and discussion
The ionic strength plays an important role in the electrolytic
solutions. It also provides ionic atmosphere, which inﬂuences
the stability constant of metal complexes. Most of the com-
plexes are studies at ﬁxed ionic strength. Titration curves were
obtained for the titrations of Cu2+, Ni2+, Zn2+and Fe3+ in
the presence of different molarities of NaClO4. No precipitates
formed, indicating that there was no tendency to form hydroxo
complexes as the number of moles of NaOH consumed was
equivalent to the number of moles of HClO4. It is observedthat log b values decrease with increases in the concentration
of ionic strength from 0.01 to 0.3 mol/dm3. Table 1 was in
accordance with the work previously reported (El-Roudi and
Abdel-Latif, 2004). The plot of log b against the square root
of ionic strength was used to ﬁnd out thermodynamic stability
constant (Fig. 2). The free energy change shows the following
order Cu2+ > Fe3+ > Ni2+ > Zn2+, respectively. The equa-
tion DG= 2.303RT log b gives the relationship between the
thermodynamic stability constant and the free energy change
according to complex formation. DG values were 105.931,
103.61577, 102.3387, and 100.713369 kJ mol1 for cipro-
ﬂoxacin and metal ions. The sequence seems to be obvious,
since zinc compared to other metals has less tendency to form
complexes. The temperature throughout the experimental set
up was constant, since it is taken at room temperature. The
formation constant of Cu2+ with ciproﬂoxacin was reported
to be independent of temperature. The protonation constant
(KH) of ciproﬂoxacin anion was deﬁned according to
equilibrium:
nHþ þ CipxHnCipx ðn ¼ 1; 2Þ
The equilibria in the Cipx +Mn+ can be represented as:
PðMnþÞ þ qðHþÞ þ rðCipxÞMp þHqðCipxÞr
The stability constant of various (p, q, r) species formed in the
above reaction can be deﬁned as:
bp;q;r ¼ Cpqrmphqar
where Cpqr denoted the equilibrium concentration of the com-
plex, and m, h and a denoted free concentration of metal, pro-
ton, ciproﬂoxacin. Negative values of q represent hydroxo
complexes.
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